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DESCRIPTION 
ULTRASONIC PROBE 

Technical Field 

5 The present invention relates to an ultrasonic probe for transmitting 

and receiving ultrasonic waves to and from a living body by an ultrasonic 
transducer inserted into a body cavity. 

Background Art 

10 As a probe configuring an ultrasonic diagnostic apparatus for use in 

the field of medicine, an intracorporeal insertion type ultrasonic probe for 
carrying out ultrasonic scanning in a body by inserting an ultrasonic 
transducer into the body cavity of a subject is known. 

Figure 5 is a schematic cross-sectional view showing a structure of a 

15 conventional intracorporeal insertion type ultrasonic probe (hereinafter, 

referred to as a "first conventional example"). An ultrasonic probe having 
such a structure is described in JP 2001-327501 A, for example. This probe 
includes an inserting portion 102 to be inserted into a body cavity and a grip 
portion 101 held by an operator outside of the body cavity. The inserting 

20 portion 102 has an elongate rod shape and includes a transducer unit 103 in 
the vicinity of an end thereof. The inserting portion 102 further includes a 
swing mechanism for swinging the transducer unit 103. In the first 
conventional example, the swing mechanism includes a pair of arm members 
104 that are arranged in parallel with each other so as to hold the transducer 

25 unit 103 therebetween, a connected arm 105 connected to the arm members 
104, and a shaft 107 connected to the connected arm 105 via a bevel gear 106. 
The grip portion 101 includes a motor 108 for generating a driving force for 
driving the swing mechanism, the motor 108 being connected to the shaft 107. 
In such an ultrasonic probe, when the motor 108 is driven, the shaft 107 is 

30 rotated around an axis of the inserting portion, and this rotating force is 
transmitted to the connected arm 105 via the bevel gear 106, so that the 
connected arm 105 is rotated around an axis (hereinafter, referred to as a 
"swing axis") orthogonal to the axis of the inserting portion. By the rotation 
of the connected arm 105, the arm members 104 are advanced and retreated 

35 reversely to each other while staying in parallel with each other. As a result, 
the transducer unit 103 is swung. 
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However, in the first conventional example, the bevel gear 106 is used 
as means for converting the rotational movement of the shaft around the axis 
of the inserting portion into the rotational movement around the swing axis. 
Therefore, vibrations are likely to be created by contact between gear 
5 structures when the swing mechanism is driven. Such vibrations pose a 
problem of preventing smooth swing movement of the ultrasonic transducer, 
i.e., smooth ultrasonic scanning, which results in difficulty in obtaining 
precise ultrasound images. 

Figure 6 is a schematic cross -sectional view showing a structure of 

10 another conventional intracorporeal insertion type ultrasonic probe 

(hereinafter, referred to as a "second convennitonal example"). An ultrasonic 
probe having such a structure is described in JP 10(l998)-179588 A, for 
example. This probe includes the inserting portion 102 having the 
transducer unit 103 and the grip portion 101 having the motor 108 as in the 

15 first conventional example. In the second conventional example, the swing 
mechanism for swinging the transducer unit includes a driving pulley 109 
connected to a rotation axis of the motor 108, a driven pulley 111 connected to 
a swing axis 110 of the transducer unit 103, and a wire 112 connecting these 
pulleys. In such an ultrasonic probe, when the motor 108 is driven, the 

20 driving pulley 109 is rotated, and accordingly the wire 112 is moved. The 
movement of the wire 112 rotates the driven pulley 111, and then the 
transducer unit 103 connected to the driven pulley 111 is swung. 

As described above, in the second conventional example, the swing 
mechanism configured by the pulleys and the wire is used. However, since 

25 the wire 112 connects the driving pulley 109 provided at the motor 108 in the 
grip portion 101 and the driven pulley 111 provided at the transducer unit 
103 at an end of the inserting portion 102, the wire 112 needs to be long. 
Accordingly, the wire is likely to become loose, resulting in displacement of 
the driven pulley, and furthermore displacement of the ultrasonic transducer 

30 connected to the driven pulley. Such displacement also makes it difficult to 
obtain precise ultrasonic images. 

Disclosure of Invention 

It is an object of the present invention to provide an ultrasonic probe 
35 that allows precise ultrasonic images to be obtained by swinging an 

ultrasonic transducer smoothly and reducing displacement of the ultrasonic 
transducer. 
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In order to achieve the above-mentioned object, an ultrasonic probe of 
the present invention includes an inserting portion to be inserted into a body 
cavity; and a grip portion held by an operator outside of the body cavity. The 
inserting portion includes a transducer unit for transmitting and receiving an 
5 ultrasonic wave, a rotation axis provided in the transducer unit, and a swing 
mechanism for swinging the transducer unit around the rotation axis as a 
center, and the grip portion includes a motor for driving the swing 
mechanism. The swing mechanism includes a shaft connected to the motor, 
a first pulley provided at an end portion of the shaft different from an end 
10 portion connected to the motor, a second pulley coaxially provided at the 
rotation axis, and a wire connecting the first pulley and the second pulley. 
Rotational movement of the motor is transmitted to the transducer unit via 
the shaft, the first pulley, the wire, and the second pulley. 

15 Brief Description of Drawings 

Figure 1 is a schematic cross-sectional view showing an example of a 
structure of an ultrasonic probe according to the present invention. 

Figure 2A is a schematic view for explaining an internal structure of 
an inserting portion of the ultrasonic probe. 
20 Figure 2B is a schematic view for explaining the internal structure of 

the inserting portion of the ultrasonic probe. 

Figure 3 is a schematic view for explaining the relationship among 
diameters and rotation angles of first and second pulleys of the ultrasonic 
probe. 

25 Figure 4A is a schematic view for explaining a preferable example of 

the relationship between a rotation axis of a pulley and a direction in which a 
wire is moved, in the ultrasonic probe. 

Figure 4B is a schematic view showing another example of the 
relationship between the rotation axis of the pulley and the direction in which 
30 the wire is moved, in the ultrasonic probe. 

Figure 5 is a schematic view showing a structure of an ultrasonic 
probe according to a first conventional example. 

Figure 6 is a schematic view showing a structure of an ultrasonic 
probe according to a second conventional example. 

35 

Best Mode for Carrying Out the Invention 

In an ultrasonic probe of the present invention, a driving force 
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generated by a motor in a grip portion is transmitted to a first pulley via a 
shaft so as to rotate the first pulley, and the rotational movement of the first 
pulley is transmitted to a second pulley via a wire so as to rotate the second 
pulley, whereby a transducer unit can be swung. In this manner, the 
5 transducer unit is swung by wire drive without the use of a gear, which 
makes it possible to reduce undesirable vibrations created when a swing 
mechanism is driven. 

Further, the driving force of the motor is transmitted to the swing 
mechanism in an inserting portion via the shaft and in the swing mechanism, 

10 transmitted to the transducer unit by the wire. Therefore, the wire can be 
made relatively short, which makes it possible to reduce loosening of the wire 
and thus to reduce displacement of the transducer unit. 

In the ultrasonic probe, it is preferable that the first pulley and the 
second pulley have the same diameter. According to this preferable example, 

15 the first pulley and the second pulley have the same rotation angle, which 
makes it easy to control the swing movement of the ultrasonic transducer. 

Further, in the ultrasonic probe, it is preferable that the wire is 
moved in a direction orthogonal to a direction of a rotation axis of the first 
pulley on a peripheral surface of the first pulley, and moved in a direction 

20 orthogonal to a direction of a rotation axis of the second pulley on a 

peripheral surface of the second pulley. According to this preferable example, 
it is possible to suppress sliding of the wire in a direction of a rotation axis of 
the pulleys on a peripheral surface of the pulleys. 

Further, in the ultrasonic probe, it is preferable that the shaft and the 

25 transducer unit are provided so that a direction of a rotation axis of the shaft 
is orthogonal to a direction of the rotation axis of the transducer unit, and in 
the swing mechanism, the direction in which the wire is moved is changed 
perpendicularly between the first pulley and the second pulley. According to 
this preferable example, it is possible to suppress sliding of the wire in the 

30 direction of the rotation axis of the pulleys on the peripheral surface of the 
pulleys. 

In order to realize the above-mentioned preferable example, the swing 
mechanism may include a third pulley for changing perpendicularly the 
direction in which the wire is moved. 
35 Further, in the ultrasonic probe, it is preferable that a groove in 

which the wire is positioned is formed on the peripheral surface of the first 
pulley and the second pulley. According to this preferable example, it is also 
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possible to suppress sliding of the wire in the direction of the rotation axis of 
the pulleys on the peripheral surface of the pulleys. 

Hereinafter, an embodiment of the present invention will be described 
with reference to the drawings. 
5 Figure 1 is a schematic cross-sectional view showing an example of 

the ultrasonic probe of the present invention. This ultrasonic probe includes 
an inserting portion 2 to be inserted into a body cavity and a grip portion 1 
held by an operator outside of the body cavity. 

The grip portion 1 includes a motor 5 for generating a driving force 
10 for driving a swing mechanism described later. Although not shown in the 
figure, the grip portion 1 further includes a motor control system for 
controlling a rotation angle, rotation direction, rotation speed, and the like of 
the motor 5. Further, although not shown in the figure, a cable is led out 
from the grip portion 1 so as to connect the ultrasonic probe with an 
15 ultrasonic diagnostic apparatus main body. 

The inserting portion 2 includes an ultrasonic transducer housing 
portion 2a provided at an end portion thereof and a rod portion 2b for locating 
the ultrasonic transducer housing portion 2a at a desirable position in the 
body cavity. 

20 In the inserting portion 2, a transducer unit 4 is stored in the 

ultrasonic transducer housing portion 2a. The transducer unit 4 includes an 
ultrasonic transducer 4b, a holder 4a for holding the ultrasonic transducer 4b, 
and a support axis 4c for supporting the holder 4a. The support axis 4c is 
supported in a freely rotatable manner by bearings (not shown) provided on 

25 an inner wall surface of a housing 3 of the ultrasonic transducer housing 
portion 2a, at both end portions thereof. This allows the ultrasonic 
transducer 4b held by the holder 4a to be swung in conjunction with the 
rotation of the support axis 4c with the support axis 4c as an axis. 

Further, although not shown in the figure, in the transducer unit 4, 

30 an acoustic lens is provided so as to be opposed to a surface for transmitting 
and receiving ultrasonic waves of the ultrasonic transducer 4b, an acoustical 
coupling medium is filled in the space between the ultrasonic transducer 4b 
and the acoustic lens, and a backing layer for absorbing ultrasonic waves is 
provided on the back of the surface for transmitting and receiving ultrasonic 

35 waves of the ultrasonic transducer 4b. From the transducer unit 4, a 

plurality of signal lines for transmitting and receiving electric signals to and 
from the ultrasonic transducer are led out. These signal lines are introduced 
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into the grip portion 1 via the rod portion 2b. 

The inserting portion 2 further includes a swing mechanism for 
swinging the transducer unit 4. Figure 2A is a schematic cross-sectional 
view showing an example of a structure of the swing mechanism, and Figure 
5 2B shows the swing mechanism in Figure 1 viewed from below. This swing 
mechanism includes a shaft 9 connected to the motor 5, a first pulley 6 
attached to an end of the shaft 9, a second pulley 7 attached to the transducer 
unit 4, and a wire 8 connecting these pulleys. 

The shaft 9, which may be, for example, a flexible shaft, is provided in 

10 the rod portion 2b. Since the signal lines led out from the ultrasonic 
transducer are provided in the rod portion 2b as described above, it is 
preferable that the shaft 9 is provided with a cover so that contact between 
the shaft 9 and the signal lines is prevented. 

On the other hand, the first pulley 6, the second pulley 7, and the 

15 wire 8 are provided in the ultrasonic transducer housing portion 2a. The 
first pulley 6 is attached so that a rotation axis thereof corresponds to a 
rotation axis (hereinafter, referred to as a "shaft axis") of the shaft 9, and the 
second pulley 7 is attached so that a rotation axis thereof corresponds to a 
rotation axis (i.e., the support axis 4c) of the transducer unit 4. The endless 

20 (i.e., loop-shaped) wire 8 connects these pulleys in a movable manner. With 
this configuration, it is possible to rotate the first pulley 6 in conjunction with 
the rotation of the shaft 9, transmit the rotational movement of the first 
pulley 6 to the second pulley 7 via the wire 8 so as to rotate the second pulley 
7, and rotate (swing) the transducer unit 4 in conjunction with the rotation of 

25 the second pulley 7. 

It is preferable that the first pulley 6 and the second pulley 7 have the 
same diameter. Herein, the "diameter" is a diameter of the pulley at a 
portion where the wire is positioned. For example, in the case where a wire 
groove is formed on a peripheral surface of the pulley, the diameter of the 

30 pulley is a diameter of a cross section of the pulley taken along this groove. 

As shown in Figure 3, when the diameters of the first and second 
pulleys are dl and d2, respectively, and the rotation angles of the first and 
second pulleys are 01 and 82, respectively, these values generally satisfy the 
following relationship: 01 x dl = 02 x d2. Accordingly, when the diameter 

35 dl of the first pulley 6 and the diameter d2 of the second pulley 7 have the 
same value, the relationship 01 = 02 can be satisfied, which means the 
rotation angle of the first pulley 6 can be made equal to the rotation angle of 
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the second pulley 7. 

For example, in the case where the rotation of the motor 5 is 
transmitted to the first pulley 6 as it is (i.e., a rotation angle of the motor 5 is 
the same as the rotation angle of the first pulley 6), and the rotation of the 
5 second pulley 7 is transmitted to the transducer unit 4 as it is (i.e., the 
rotation angle of the second pulley 7 is the same as a rotation angle of the 
transducer unit 4), when the first pulley 6 and the second pulley 7 have the 
same rotation angle, the motor 5 and the transducer unit 4 can have the 
same rotation angle. As a result, it is possible to control the swing 
10 movement of the ultrasonic transducer easily with a relatively simple motor 
control system. 

It is preferable that the wire 8 is moved in a direction orthogonal to 
the rotation axis of the first pulley 6 on the peripheral surface of the first 
pulley 6 and moved in a direction orthogonal to the rotation axis of the second 

15 pulley 7 on the peripheral surface of the second pulley 7. 

For example, as shown in Figure 4B, in the case where the wire 8 is 
not moved in the direction orthogonal to the rotation axis 4c of the pulley 7 
(an angle a in the figure is not 90 degrees), as a force (F) pulling the wire, a 
force (F2) in a direction parallel with the rotation axis 4c of the pulley is 

20 generated in addition to a force (Fl) in the direction orthogonal to the 

rotation axis 4c of the pulley. When the force (F2) in the direction parallel 
with the rotation axis is generated, a phenomenon in which the wire slides in 
a direction of the rotation axis of the pulley on the peripheral surface of the 
pulley is likely to occur. 

25 On the other hand, as shown in Figure 4A, in the case where the wire 

8 is moved in the direction orthogonal to the rotation axis 4c of the pulley 7 

■ 

(an angle a in the figure is 90 degrees), the force in the direction parallel with 
the rotation axis of the pulley is not generated. Thus, it is possible to 
suppress sliding of the wire on the peripheral surface of the pulley. 

30 The effect of suppressing wire sliding as mentioned above becomes 

higher as the angle between the rotation axis of the pulley and the movement 
direction of the wire is closer to 90 degrees. However, this angle need not 
necessarily be 90 degrees exactly but may be any angle within a range that 
allows wire sliding to be prevented or at least suppressed to an allowable 

35 level. Such a range of the angle depends on the pulley, a material of the wire, 
surface states thereof, and the like, and may be, for example, 90 ± 10 degrees, 
and preferably, 90 ± 5 degrees. 
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When the rotation axis of the first pulley 6 and the rotation axis of 
the second pulley 7 are not parallel with each other, in order to move the wire 
8 in the direction orthogonal to the rotation axis of each of the pulleys, it is 
required to change the movement direction of the wire 8 between on the 
5 peripheral surface of the first pulley 6 and on the peripheral surface of the 
second pulley 7. In such a case, as shown in the figures, intermediate 
pulleys 10 and 11 for changing the movement direction of the wire 8 may be 
provided between the first pulley 6 and the second pulley 7. 

Another method for suppressing wire sliding as mentioned above 

10 includes forming a wire groove extending in a peripheral direction on the 

peripheral surface of the pulley, and positioning the wire in the wire groove. 
When the formation of the wire groove and the conversion of the movement 
direction of the wire by the intermediate pulleys are used together, wire 
sliding can be prevented almost perfectly. 

15 Next, an operation of the ultrasonic probe will be described. 

When the motor 5 is driven, the rotational movement of the motor 5 is 
transmitted to the first pulley 6 via the shaft 9 so as to rotate the first pulley 
6. The rotational movement of the first pulley 6 is transmitted to the second 
pulley 7 via the wire 8 so as to rotate the second pulley 7. At this time, the 

20 wire 8 is moved in the direction orthogonal to the rotation axis of the first 
pulley 6 on the first pulley 6, and changed in movement direction by the 
intermediate pulleys 10 and 11, and then moved in the direction orthogonal 
to the rotation axis of the second pulley 7 on the second pulley 7. In this 
manner, the movement around the rotation axis (i.e., shaft axis) of the first 

25 pulley 6 can be transmitted by converting the same into the movement 
around the rotation axis (i.e., support axis 4c) of the second pulley 7. In 
conjunction with the rotation of the second pulley 7, the transducer unit 4 is 
swung around the support axis 4c. 

As described above, in the ultrasonic probe, since the ultrasonic 

30 transducer is swung by wire drive, contact between gear structures, which is 
a problem in the first conventional example, can be prevented and thus 
undesirable vibrations created when the swing mechanism is driven can be 
reduced. Further, since the driving force of the motor is transmitted to the 
pulley and the wire via the shaft instead of being transmitted directly, the 

35 wire can be made relatively short. As a result, loosening of the wire can be 
reduced and thus displacement of the ultrasonic transducer can be reduced. 
Next, an example of an ultrasonic diagnostic apparatus using the 
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above-described ultrasonic probe will be described. This ultrasonic 
diagnostic apparatus includes as main components an ultrasonic probe and 
an apparatus main body. The ultrasonic probe is the above-described 
ultrasonic probe according to the present embodiment. The apparatus main 
5 body includes a control part for driving the probe, a transmitting and 

receiving part for transmitting and receiving signals to and from the probe, 
an image formation part for creating images of an object based on the 
received signals, and an image display part for displaying a created 
tomogram. 

10 An operation of the ultrasonic diagnostic apparatus will be described 

below. Initially, an operator holds the grip portion of the probe outside a 
body cavity, and inserts the inserting portion into the body cavity, so that the 
ultrasonic transducer housing portion is located in the vicinity of an object. 
Next, electric signals (transmitted signals) are transmitted from the 

15 transmitting and receiving part of the ultrasonic diagnostic apparatus to the 
ultrasonic probe. The transmitted signals are converted into ultrasonic 
waves in the ultrasonic transducer of the probe, and the converted ultrasonic 
waves are transmitted to the object. These ultrasonic waves are reflected by 
the object, and a part of the reflected waves is received and converted into 

20 electric signals (received signals) by the ultrasonic transducer. The 

converted received signals are transmitted to the transmitting and receiving 
part of the ultrasonic diagnostic apparatus. By performing the transmitting 
and receiving operation repeatedly while swinging the ultrasonic transducer 
in the probe, scanning of the ultrasonic waves can be carried out. The swing 

25 of the ultrasonic transducer is realized by driving the motor by a driving 
signal from the control part of the ultrasonic diagnostic apparatus and 
operating the swing mechanism of the probe as described above. Then, the 
received signals are subjected to various processes and then outputted to the 
image formation part, where ultrasonic images (tomogram or the like) of the 

30 object are created based on the received signals. The created ultrasonic 
images are outputted to the image display part. 

According to the ultrasonic diagnostic apparatus, undesirable 
vibrations created when the swing mechanism is driven in the ultrasonic 
probe can be reduced. Therefore, smooth swing movement of the ultrasonic 

35 transducer, i.e., smooth ultrasonic scanning can be performed, which allows 
precise ultrasonic images to be obtained. Further, since loosening of the 
wire of the swing mechanism can be reduced in the ultrasonic probe, 



9 



displacement of the ultrasonic transducer can be reduced, which allows 
precise ultrasonic images to be obtained. 

Industrial Applicability 

As described above, according to the ultrasonic probe of the present 
invention, it is possible to realize smooth ultrasonic scanning of the ultrasonic 
transducer and to reduce displacement of the ultrasonic transducer. Thus, 
such an ultrasonic probe is suitable for use as a probe configuring an 
ultrasonic diagnostic apparatus in various fields of medicine. 
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